| INTRODUC TI ON
The uterine cavity had been considered to be sterile until recent studies using next-generation sequencing of the 16S rRNA gene revealed the existence of an endometrial microbiota represented by Lactobacillus and other bacteria. [1] [2] [3] Lactobacillus species generally dominate the vagina of healthy asymptomatic women, and they presumably play key roles in preventing bacterial vaginosis and other urogenital diseases by lowering the environmental pH through lactic acid production. 4 Also, several reports have suggested that human uterine microbiota is related to implantation success. 5 Moreno et al defined the bacterial status of the endometrium as Lactobacillus-dominated microbiota (>90% Lactobacillus spp) or non-Lactobacillus-dominated microbiota (<90% Lactobacillus spp with >10% of other bacteria), based on the composition of the microbiota in the endometrial fluid comprised of 191 operational taxonomic units (OTU). The presence of non-Lactobacillus-dominated microbiota (NLDM) was associated with significant decrease in implantation, pregnancy, ongoing pregnancy, and live birth rates. 5 We have started our study on uterine microbiota by sequencing from August 2017 and found that the percentage of endometrial Lactobacilli in IVF patients was significantly lower than that of non-IVF patients and healthy volunteers. 6 Also, the median percentages of endometrial Lactobacilli in the pregnant cases were more than 90%, which may implicate the possibility that Lactobacillus dominancy in the human endometrium might benefit embryo implantation. 6 To what extent the human uterine microbiomes are involved in implantation failure is still not clear, and the treatment strategy for dysbiotic endometrium is still not established. This present study aimed to analyze the pregnancy outcomes of IVF patients presenting Lactobacillus-dominated microbiota (LDM) or non-Lactobacillus-dominated microbiota (NLDM) of their endometrium and to report cases who were successfully treated for NLDM with antibiotics and prebiotic/probiotic supplements in a Japanese infertile population. 
| MATERIAL S AND ME THODS

| Patients and samples
| Sample collection and microbiome analysis
Samples from the endometrium were taken from the participants as described previously. 6 Briefly, after cleaning the mucous around the cervical os and the uterine cervix, endometrial fluid (EF) specimens were carefully aspirated with a Kitazato IUI catheter (Kitazato Corporation, Japan) with utmost care not to touch the vaginal wall. 
| Trial treatment strategies for dysbiotic endometrium
As there was no standard protocol for the treatment of dysbiotic endometrium, our trial strategy was based on the combination of antibiotics, prebiotics, and/or probiotics (Table S1a,b).
In our study, after the administration of antibiotics for a week, patients were administered oral tablets of enteric bovine LF Lactobacilli-dominant in their third analysis. Frozen-thawed blastocyst transfer (FBT) was performed after confirming Lactobacillidominant endometrial status for those nine patients ( Figure 2A ,B, and cases who became NLDM→LDM after therapeutic interventions (nine cases; Table 1 ).
There was no difference between the LDM patients (56 cases) and NLDM patients (36 cases) in terms of BMI, follow-up period, and gravidity, although there were significant differences in age, parity, duration of infertility, and numbers of previous failed transfer cycles between the two groups ( Table 2 ).
The EF specimens were collected either in follicular phase, ovulation phase, or luteal phase of the menstrual cycles, as there was intercyclic stability of the endometrial microbiome in our previous study. 6 There was no statistical difference in the timing of sampling between LDM and NLDM ( Table 2 ).
| Endometrial microbial results and bacterial communities in the endometrium of the NLDM patients
The median percentage of endometrial Lactobacilli in LDM and NLDM groups were 98.95% ± 1.84% and 14.53% ± 33.07%, respectively (P < 0.001, Mann-Whitney test; Table 2 ). As shown in 
| Pregnancy outcome of the patients and endometrial microbial results
Single vitrified-warmed blastocyst transfers were performed in all cases. Pregnancy rates were higher in the LDM group (58.9% per patient and 36.3% per FBT) compared to that of the NLDM group (47.2% per patient and 34.7% per FBT), but this was not significantly different ( Table 2 ). Miscarriage rate was 24.2% in LDM pregnancies and 17.6% in NLDM pregnancies, which was also not significantly different ( Table 2 ).
Five out of the nine patients who became NLDM→LDM after treatment (Table S1a ) achieved pregnancies (3 ongoing and 2 miscarriages; Figure 2B , percentage and the type of major taxonomy seemed to be tolerable for embryo transfer; for some patients, EF was collected at the time of mock ET trial just before FBT; and pregnancy was achieved before confirmation of the microbial result (Figures 1 and 3 Thus, we reclassified the 92 participants according to the endometrial bacterial status of ≧80% Lactobacillus spp or <80%
Lactobacillus spp and reanalyzed the pregnancy outcomes (Table   S2 ). Pregnancy rate was higher in the ≧80% Lactobacillus group (61.3% per patient) compared to that of the <80% Lactobacillus group (40.0% per patient; P = 0.05), although there still were differences in the background (parity, duration of infertility, and numbers of previous failed transfer cycles) of the two groups (Table S2) .
Seventeen patients in the NLDM group underwent FBT after therapeutic interventions for NLDM as described above (Table S1b) , and they preferred to undergo embryo transfers without reanalyzing their endometrial microbiota (Figures 1 and 4) . Four patients achieved five pregnancies (4 ongoing and 1 miscarriage).
| Case reports on NLDM patients who successfully achieved LDM endometrium by trial strategies for dysbiotic endometrium
Below are the three representative cases who successfully achieved
Lactobacillus-dominated endometrium after therapeutic interventions with antibiotics and prebiotics/probiotics (Table S1a) .
| Case 1
Thirty-eight years old, G0P0, recurrent implantation failure of Figure 6 ). The probiotic vaginal suppositories were discontinued after her pregnancy was confirmed by positive serum β-hCG. We recommended that she continue LF through her pregnancy.
| Case 3
Thirty-one years old, G2P0, primary infertility with a male factor. She had a successful ongoing pregnancy in her next FBT ( Figure 7 ).
We recommended that she continue LF through her pregnancy.
| D ISCUSS I ON
Analysis of endometrial microbiota by next-generation sequencing has become commercially available recently, but to what extent and how the human uterine microbiomes are involved in implantation is still not clear; also, the treatment strategy for dysbiotic endometrium is still not established. We have endeavored to establish a way of recovering Lactobacilli-dominant endometrium in this pilot study, and to the best of our knowledge, this is the first study reporting about treatment strategies for dysbiotic endometrium in infertile women in Japan.
Compared to the LDM group, the NLDM group was significantly older, had a higher percentage of multipara patients, shorter duration of infertility, and fewer previous ET cycles ( Table 2 Also, lifestyle habits including sexual activities and sanitary conditions may have an impact on endometrial microbiome, but these were not analyzed in this study.
In our preliminary study, Lactobacillus dominancy was favorable in terms of pregnancy outcome ( Table 2, Table S2 ), but the result was not as significant as in the previous report. 5 The reasons for this may be due to the limited study numbers, short follow-up period, ethnic differences, or specific reasons in current Japanese reproductive medicine; no permission to use preimplantation genetic testing for aneuploidy or oocyte donations, and enforcement of single embryo transfer. Moreno et al 5 reported that pregnancy outcome could be predicted by the relative abundance of Lactobacilli in EF, and <90%
Lactobacilli in the endometrium had an adverse effect on pregnancy.
In our study, patients classified as NLDM but having more than 80%
Lactobacilli in the endometrium showed good pregnancy outcomes ( Figure 3 , Table S2 ); thus, the percentage of endometrial Lactobacilli >80% might be enough for embryo implantation. Also, even if classified as NLDM, Bifidobacterium-dominant endometrium might also be an acceptable environment for implantation ( Figure 3 ).
As there were differences between the background of LDM and NLDM groups as described above, the outcomes between NLDM→LDM patients (nine cases; Figure 2B ) and no-treatment NLDM patients (19 cases; Figure 3) should have been compared, in order to assess the actual effect of microbial status on implantation. The prognosis of the no-treatment NLDM group was good (pregnancy rates of 63.2% per patient and 57.1% per FBT, and miscarriage rate of 16.7%) compared to that of NLDM→LDM patients (pregnancy rates of 55.6% per patient and 33.3% per FBT, and miscarriage rate of 40%), although the differences were not statistically significant. The good outcome of this no-treatment NLDM group was considered to be due to the pregnancies achieved by five patients presenting >80% endometrial Lactobacilli and two patients with dominant Bifidobacterium (Figure 3) ; when those seven patients were excluded, the pregnancy rates of the notreatment NLDM group were 41.7% per patient and 35.7% per FBT, and the miscarriage rate was 40%, respectively, still comparable to the outcome of NLDM→LDM patients. As the number of studied cases was limited, we cannot conclude that intervention for NLDM is not necessary. But the mechanism of how the pathogenic bacteria affect the embryo implantation is still not clear.
Currently, CE is diagnosed by hysteroscopy, histology, CD-138 immunostaining, and microbial culture, alone or in a combination of those methods. Recently, a report demonstrated that a molecular microbiology method using next-generation sequencing may be a faster and better diagnostic tool for the determination of CE compared to three diagnostic methods, with a high degree of concordance with these three classical methods altogether. 9 However, the diagnostic criteria of CE have not yet been established. 10 We did not focus on the association of microbiomes and CE in this study, probiotics is a difficult issue. In the previous study of Otsuki et al, 8 Lactobacilli remained dominant throughout pregnancy by continuing LF until delivery, with no adverse effect on either mothers or babies.
There are limitations of this present study: short follow-up period, limited study numbers, and not analyzing other aspects of gynecological histories such as sexual contact, past oral contraceptive usage, past antibiotic usage, miscarriage, endometriosis, and bacterial vaginosis. In terms of sample collection, EF specimens may have contained some endocervical fluid, which was distinguished in a previous study, 15 but the endometrial microbiota was not suspected to be carried over from the vaginal microbiota. 6 The results of this pilot study could not necessarily prove the clear benefit of establishing Lactobacillus-dominated endometrium in terms of pregnancy outcome, but we believe that there is significance in searching for endometrial microbial status of infertile patients and recovering Lactobacillus-dominated endometrium may benefit embryo implantation. The mechanism of how the pathogenic bacteria affect the embryo implantation remains to be elucidated.
Antibiotics followed by prebiotics and/or probiotics were effective in the restoration of LDM in the uterine cavity of NLDM patients, and the selection of antibiotics is critical and needs expert knowledge. Further studies are needed to establish regimens for the treatment of endometrial NLDM and remain an issue for the future. By transferring euploid embryos in a personal window of implantation 16 under the Lactobacillus-dominated endometrium, much better pregnancy rates are expected.
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